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Introduction
At CAMS, we focus on measuring carbon isotopes (12/13/14C) for a variety of applications. High precision radiocarbon AMS measurements are used for measuring atmospheric radiocarbon. The problem with performing high
precision radiocarbon AMS measurements is that there’s almost always background contamination introduced during preparation for the AMS. For graphite preparation, dry ice is used in an isopropyl-dry ice mixture to
condense H2O in the CO2 extraction and reduction lines. Dry ice is composed of 12/13C and releases carbon into the atmosphere as it sublimes. The dry ice for preparation is held in containers inside and outside the lab. We
believe this may be a possible source of background contamination during the graphite preparatory phase for AMS. This experiment will provide data for quality control for ultra precise measurements at CAMS, LLNL. We
measured the 13C/14C ratios of air at multiple locations within the graphitization lab and compared them across the lab and to atmosphere to test the following hypotheses:
H1: 13C/14C ratios of lab air vary from atmosphere.
H2: 13C/14C ratios vary across sites within the lab.
We found that air in the graphite lab varies from atmosphere and at different sites within the lab. The dry ice containers are releasing depleted 13C and 14C into the lab air and affect lab sites close to them. This could
lead to contamination when weighing out samples when CO2 can remain adsorbed to the sample during preparation. It is recommended that the dry ice containers be removed from the lab to reduce background
contamination levels.

Methods

Results

1. Using a PFP (Figure 2), air samples were taken at
locations inside and outside the lab (Figure 5).
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2. Air samples from the PFP were evacuated into the
extraction line (Figure 3) to isolate CO2.
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3. CO2 was reduced to graphite in the reduction line1
(Figure 4).
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samples were sent to UC Davis to be analyzed.

Table 1. Average δ13C and Δ14C measurements for
air samples at different lab sites.

Figure 5. Graphite Preparation Lab Floor Plan.

4. Graphite samples analyzed using the HVEC 10 MV
Model FN Tandem Van de Graaff Accelerator.

Discussion
The average δ13C and Δ14C (13C and

14C

depletion, respectively) measurements for air at different lab sites are seen in Table 1 (Results):

• At sites 1 and 4, where dry ice containers are located, δ13C and Δ14C is low. This is possibly because fossil fuel derived CO2 (dry ice) is depleted in
and contains no 14CO2, and can cause a dilution effect2, changing the ratio of atmospheric concentrations of carbon isotopes.
Figure 1. Dry ice site in relation to
rest of lab.

Figure 3. CO2 Extraction Line.

Figure 2. Programmable
Flask Package (PFP).

Figure 4. CO2 Reduction Line1.
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• δ13C and Δ14C for site 3 are just above the averages for atmosphere (δ13C=-8.5 ‰ and approximately Δ14C=10 ‰, respectively3, 4). This implies that the air
at this site is mostly unaffected by outside factors and the small amount of 13C and 14C is a result of air from the lab mixing with outside air .
• At site 1, δ13C and Δ14C measurements lie between those of site 2,3, and 4. This is likely a result of air from the dry ice site mixing with non-depleted air
in the lab. This demonstrates the large differences between sites 1 and 2 as they are in close proximity to each other (188 inches apart).
The results imply that the dry ice containers are affecting the 13C and 14C ratios within the graphite lab causing the air to become more depleted in 13C and
14C. This could cause contamination when samples are first weighed out, at a site close to the dry ice container, into tubes that are exposed to lab air. The
tubes are evacuated to 0 atm and torched closed, but CO2 can remain adsorbed to the sample. The variability between the lab sampling sites can lead to
uncertainty in the level of background contamination. We recommend that the dry ice container be removed from the lab to further minimize contamination
in the area around it.

Acknowledgements

I would like to thank everyone at the Center for Accelerator Mass Spectroscopy for the opportunity of conducting research at CAMS. Thanks to Nanette Sorensen
for helping me get set up at LLNL and CAMS. Thanks to Caroline Harmon and Ryan Gini for their assistance and support in the graphite lab. Thanks to Edward Chu
and Howard Spero at the Geology Stable Isotopes Laboratory in the Department of Earth and Planetary Sciences at University of California, Davis for analyzing
my 13C samples. Thanks to Karis McFarlane for providing the PFPs and analyzing 14C samples. Special thanks to my mentor Alex Hedgpeth for support and
guidance on my project. This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National under Contract DEAC52-07NA27344. This material is based upon work supported by the National Science Foundation through the Robert Noyce Teacher Scholarship Program under
grant#1340110. Any opinions, finding, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect
the views of the National Science Foundation. The research was made possible by the California State University STEM Teacher Researcher Program in partnership
with Lawrence Livermore National Laboratory and Center for Accelerator Mass Spectrometry.

References
1.
2.
3.
4.

Vogel, J.S., et. al., 1984. “Performance of Catalytically Condensed Carbon for use in Accelerator Mass Spectrometry.” Nuclear
Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms, 5: 289-293.
Suess, H.E., 1955. “Radiocarbon Concentration in Modern Wood.” Science, 122: 415-417.
Hua, Q., et. Al., 2013 “Atmospheric Radiocarbon for the Period 1950-2010.” Radiocarbon, 55: 2059-2072.
C. D. Keeling, C.D., et. al., 2001. “Exchanges of atmospheric CO2 and 13CO2 with the terrestrial biosphere and oceans from 1978 to
2000. I. Global aspects, SIO Reference Series, No. 01-06, Scripps Institution of Oceanography, San Diego, 88 pages, 2001.

LLNL-POST-698742

